Results: A total of 20,936 patients who had undergone total hip arthroplasty met inclusion criteria for this study. Of these, 12,752 patients (60.9%) had received general anesthesia and 8184 patients (39.1%) had received spinal anesthesia. On propensity-adjusted multivariate analyses, general anesthesia for total hip arthroplasty was associated with increased operative time (112 minutes [95% confidence interval, 111 to 113 minutes]; p < 0.001) and postoperative room time (15 Conclusions: General anesthesia was associated with an increased rate of adverse events and mildly increased operating room times.
Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.
T otal hip arthroplasty is considered one of the most successful orthopaedic procedures, and more than one million operations are performed each year worldwide 1 . Historically, general anesthesia has been the gold standard for major hip surgery; however, total hip arthroplasty is now commonly being performed under spinal anesthesia 2 . The optimal anesthetic technique remains debated.
Several studies have shown the relative benefits of neuraxial anesthesia compared with general anesthesia, such as decreased blood loss and need for transfusion, decreased rates of thromboembolic events, and reduced rates of surgical site infection [3] [4] [5] [6] [7] [8] . The majority of these findings are from small, single-institution studies. There is a need for large, multicenter studies that directly compare perioperative outcomes between Disclosure: One or more of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of an aspect of this work. In addition, one or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article. neuraxial and general anesthesia in patients undergoing total hip arthroplasty.
The present investigation aims to compare operating room times, length of stay, adverse events, and readmission following primary elective total hip arthroplasty between general and spinal anesthesia with use of the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database. The primary hypothesis of this study was that there would be differences in the rates of adverse events between patients who had undergone primary elective total hip arthroplasty with general anesthesia and those who had undergone primary elective total hip arthroplasty with spinal anesthesia that *The values are given as the percentage of patients. †To control for selection bias between the spinal and general anesthesia groups, propensity scores were used, with the propensity score defined as the conditional probability of receiving general anesthesia based on the observed patient and operative characteristics. Propensity-adjusted p values for preoperative patient characteristics are reported. The model successfully reduced selection bias by eliminating significant differences in preoperative variables (the adjusted p value was >0.05 for all). 
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T 18, 2015 persists after adjustment for patient characteristics. By using high-quality, prospectively collected data from a large, national cohort of patients who had undergone hip arthroplasty, generalizable conclusions may guide clinical practice for this common surgery.
Materials and Methods
A n exemption for this study was granted by our institutional review board. A retrospective cohort study was conducted with use of the ACS-NSQIP database, which collects data from more than 370 participating United States hospitals 9 . Patients are identified prospectively at eligible hospitals and more than 150 variables are recorded by trained clinical reviewers, using a combination of chart abstraction and patient interviews. Data are collected until the thirtieth postoperative day, including after discharge 9, 10 . The ACS-NSQIP conducts routine auditing to ensure high-quality data and reports inter-rater disagreement of <2% for all variables.
The ACS-NSQIP database from 2010 to 2012 was queried to identify patients who had undergone total hip arthroplasty. We identified all patients who had undergone primary total hip arthroplasty (Current Procedural Terminology [CPT] code 27130) for osteoarthritis of the hip (International Classification of Diseases, Ninth Revision [ICD-9] codes 715.15, 715.35, or 715.95). For this study, general anesthesia had been performed with either tracheal intubation or laryngeal mask airway. Spinal anesthesia did not include cases that had been performed under epidural anesthesia. Patients who had received any form of anesthesia other than general or spinal were excluded from this study. Patients who had undergone nonelective surgery, those with previous evidence of infection, and those with missing perioperative data were also excluded from the analysis. After these exclusions, of an initial 23,342 patients, 20,936 remained for analysis.
Patient characteristics such as age, sex, height, and weight are available in the database. Body mass index (BMI) was calculated from height and weight. Based on the available comorbidity data, a modified Charlson Comorbidity Index 11 was generated for each patient. Such modified Charlson Comorbidity Indexes have been shown to be similar in efficacy to the original Charlson Comorbidity Index 12, 13 , and the modified Charlson Comorbidity Index employed in this study has been previously used with the ACS-NSQIP 14 .
The following comorbidities were used to calculate the modified Charlson Comorbidity Index (followed by corresponding point values): myocardial infarction (1 point), congestive heart failure (1 point), peripheral vascular disease or rest pain (1 point), transient ischemic attack or cerebrovascular accident (1 point), chronic obstructive pulmonary disease (1 point), diabetes mellitus (1 point), hemiplegia (2 points), end-stage renal disease (2), ascites or esophageal varices (3 points), and cancer (6 points). One point was also added for each decade more than forty years of age.
Operating Room Times and Length of Stay
Preoperative room time, operative time, and postoperative room time are available in the database. Preoperative room time was defined as the minutes between the patient entering the operating room and the opening incision. Operative time was defined as the minutes from opening incision to wound closure. Postoperative room time was defined as minutes from wound closure to the patient leaving the operating room. It is important to note that information on whether spinal anesthesia was initiated outside of the operating room or in the operating room was not available.
Length of stay was defined as the number of calendar days from operation to discharge. Operating room times and length of stay were treated as continuous variables for analysis.
Adverse Events and Readmission
The occurrence of individual adverse events within the first thirty postoperative days is recorded by the ACS-NSQIP on the basis of specific criteria (see Appendix). The occurrence of a serious adverse event was defined as follows: death; postoperative ventilator use for more than forty-eight hours; unplanned intubation; stroke or cerebrovascular accident; thromboembolic event (deep vein thrombosis or pulmonary embolism); surgical site infection (superficial surgical site infection, deep surgical site infection, organ or space infection); sepsis or septic shock; cardiac arrest; myocardial infarction; acute renal failure; return to the operating room; wound dehiscence; graft, prosthesis, or flap failure; or peripheral nerve injury.
The occurrence of a minor adverse event was defined as a blood transfusion, urinary tract infection, pneumonia, or progressive renal insufficiency. Any adverse event was defined as the occurrence of either a serious adverse event or a minor adverse event.
Since 2011, the ACS-NSQIP has also tracked readmissions following discharge for the first thirty postoperative days. Only patients who had undergone total hip arthroplasty in 2011 or 2012 were included in the readmission analyses.
Statistical Analysis
Bivariate logistic regression was used to compare age, sex, BMI, and modified Charlson Comorbidity Index between patients who had undergone total hip arthroplasty with general anesthesia and those who had undergone total hip arthroplasty with spinal anesthesia. To control for selection bias between the nonrandomized spinal and general anesthesia groups, propensity scores were used, with the propensity score defined as the conditional probability of receiving general anesthesia based on the observed patient demographic characteristics and comorbidities. The propensity score has been extensively used in the literature for this purpose 15, 16 . Propensity-adjusted p values for preoperative patient demographic characteristics were reported. The model successfully reduced selection bias by eliminating significant differences in preoperative variables (the adjusted p value was >0.05 for all patient characteristics).
Bivariate and propensity-adjusted multivariate regressions were subsequently used to compare the rates of adverse outcomes that occurred with general anesthesia and spinal anesthesia, using spinal anesthesia cases as the reference. Multivariate regression adjusted for baseline differences in patient demographic characteristics and comorbidities as well as the propensity score. Continuous outcomes (operating room times and postoperative length of stay) were compared between anesthesia groups with use of linear regression. The binary outcomes (adverse events and readmission) were compared between spinal and general anesthesia groups with use of logistic regression. The level of significance was set at p < 0.05.
Source of Funding
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Results

Study Population
O f the 20,936 patients who had undergone total hip arthroplasty and met inclusion criteria for this study, 12,752 patients (60.9%) received general anesthesia and 8184 patients (39.1%) received spinal anesthesia. Patient demographic characteristics and comorbidity status are compared between anesthesia groups in Table I . As seen in the table, there were significant differences in preoperative characteristics between groups. Patients who had received general anesthesia were younger (p < 0.001) and had increased BMI (p < 0.001) and decreased comorbidity burden (modified Charlson Comorbidity Index) (p < 0.001) compared with patients who had received spinal anesthesia.
To control for selection bias between treatment groups, propensity scores were calculated for each patient on the basis of the demographic characteristics and comorbidities listed in Table I . The propensity score adjusts for the probability of a patient having received general anesthesia compared with the probability of a patient having received spinal anesthesia in this nonrandomized sample. The p values for propensity-adjusted comparisons between anesthesia groups are reported in Table I and indicate a successful reduction in selection bias (the adjusted p value was >0.05 for all patient characteristics).
Operating Room Times and Length of Stay
The unadjusted mean operating room times (in minutes) and the mean length of stay (in days) for each anesthesia type are reported in Table II . Operating room times and length of stay were compared between anesthesia groups with use of bivariate and propensity-adjusted multivariate linear regressions.
On bivariate analyses, general anesthesia was associated with increased operative time and postoperative room time. On multivariate analyses, general anesthesia continued to be associated with increased operative time (112 minutes [95% confidence interval (95% CI), 111 to 113]; p < 0.001) and postoperative room time (15 minutes [95% CI, 14 to 16 minutes]; p < 0.001). Bivariate and multivariate analyses found no association between anesthesia type and preoperative room time or postoperative length of stay.
Adverse Events and Readmission
The unadjusted rates of adverse events for each anesthesia type are reported in Table III . These rates were subsequently compared between anesthesia types using bivariate and propensity-adjusted multivariate logistic regressions.
On bivariate analyses, general anesthesia was associated with significantly increased rates of any adverse event, prolonged postoperative ventilator use, unplanned intubation, cardiac arrest, any minor adverse event, and blood transfusion. On multivariate analyses, any adverse event (odds ratio, No significant difference in the rate of readmission within thirty days was found between anesthesia types.
To compare outcomes between anesthesia types for patients with varying degrees of comorbidity, the predicted probability of any adverse event was calculated for each combination of anesthesia type and Charlson Comorbidity Index range, using the multivariate model for the occurrence of any adverse event. These results, with 95% CIs, are illustrated in Figure 1 . Predicted probabilities represent the probability of any adverse event occurring given the observed anesthesia type and Charlson Comorbidity Index range, while holding other covariates in the model at their mean value. The predicted probability of any adverse event occurring was significantly increased with general anesthesia for all ranges of the Charlson Comorbidity Index. For the lowest Charlson Comorbidity Index category (0 to 2), the predicted probability of any adverse event was significantly greater (p < 0.001) for general anesthesia (22.1%) compared with spinal anesthesia (18.2%). Similarly, for a Charlson Comorbidity Index of 3, the predicted probability of any adverse event was also significantly greater (p < 0.001) for general anesthesia (20.3%) compared with spinal anesthesia (16.7%). For patients with the highest Charlson Comorbidity Index category ( ‡4), the predicted probability of any adverse event was also significantly greater (p < 0.001) for general anesthesia (27.3%) compared with spinal anesthesia (22.8%).
Discussion
G eneral and spinal anesthesia are both commonly used during total hip arthroplasty; however, to our knowledge, no large, multicenter study has assessed the difference in shortterm outcomes associated with either anesthesia type in patients undergoing total hip arthroplasty. The current investigation used prospectively collected data from a large, national cohort of patients who had undergone elective primary total hip arthroplasty to compare operating room times, length of stay, adverse events, and readmission between general and spinal anesthesia.
In this study, we found that general anesthesia was associated with increased odds of any adverse event, prolonged postoperative ventilator use, unplanned intubation, stroke, cardiac arrest, any minor adverse event, and blood transfusion following elective primary total hip arthroplasty. In addition, general anesthesia was associated with mild increases in operative time and postoperative room time. There was no association found between anesthesia type and postoperative length of stay or readmission.
The association of general anesthesia with any adverse event in this study is consistent with the results of several previous studies that have shown a benefit of neuraxial anesthesia relative to general anesthesia in terms of the risk of complications in orthopaedic patients [3] [4] [5] [6] [7] [8] 17 . However, to our knowledge, this is the largest study to date that has compared operating room times, length of stay, adverse events, and readmission between patients who had undergone elective primary total hip arthroplasty with general anesthesia and those who had undergone elective primary total hip arthroplasty with spinal anesthesia, further supporting the advantages of spinal anesthesia in these patients. In addition, we found that general anesthesia was associated with an increased predicted probability of any adverse event among all studied ranges of medical comorbidity. Spinal anesthesia has been previously associated with improved postoperative outcomes compared with general anesthesia in medically complex patients undergoing total joint arthroplasty 16 ; however, this study indicates that these benefits may also extend to patients with fewer medical comorbidities.
Among individual adverse events, general anesthesia was associated with the occurrence of pulmonary complications, namely prolonged postoperative ventilator use and unplanned intubation. General anesthesia has been previously shown to be associated with pulmonary adverse events following total hip arthroplasty 18 . Increased rates of stroke and cardiac arrest were also found to be associated with general anesthesia. These relationships have not been previously described in the literature. These adverse events may be associated with the increased incidence of intraoperative hypotension that has been described with general anesthesia compared with neuraxial anesthesia 19 . Another possible cause of this relationship is through the thrombotic pathway, as general anesthesia has been reported to increase the risk of thromboembolic events 5, 20, 21 . However, in the current study, although we found a very slight increase in the unadjusted rates of deep vein thrombosis or pulmonary embolism for patients who had received general anesthesia, this increase did not reach significance on either bivariate or multivariate analyses. The predicted probability of any adverse event within thirty days of primary elective total hip arthroplasty, by anesthesia type and modified Charlson Comorbidity Index.
We also found a significantly increased rate of blood transfusion associated with general anesthesia. This relationship has been repeatedly described in the hip arthroplasty literature 4, 5, 7, [21] [22] [23] [24] [25] [26] [27] [28] [29] . Blood loss during total hip arthroplasty performed under general anesthesia is often a function of how well a low blood pressure is maintained during the procedure 28 . Unfortunately, information on intraoperative blood pressure is not captured in the ACS-NSQIP database, so the effect of this variable on blood loss is unknown for this study.
General anesthesia was additionally found to be associated with slightly increased operating room times. Similar findings have been reported in the total hip arthroplasty literature 5, 7, 21 . This relationship may exist because high-volume surgical centers may be more likely to use spinal anesthesia and may have decreased operative time and room turnover time compared with other centers. In addition, patient extubation likely adds to the postoperative room time. However, despite the significance of these findings, there may be little clinical importance of these minor increases in operating room times.
Despite the reported benefits of spinal anesthesia relative to general anesthesia, it is notable that the majority of total hip arthroplasty cases (60.9%) included in this national sample utilized general anesthesia. We believe that this finding is likely due to patient and institutional factors. To provide the best perioperative care for patients undergoing total hip arthroplasty, it is important for patients, surgeons, anesthesiologists, and hospital administrators to be aware of the advantages of spinal anesthesia when planning these procedures.
It is also important to note that spinal anesthesia is not without risks. Permanent injury to the spinal cord or spinal nerves is a serious complication that can occur with neuraxial anesthesia; however, it is exceedingly rare, with a reported incidence of <4 in 100,000 30 . Transient postoperative neurologic deficits and postdural puncture headache are also associated with the use of spinal anesthesia 31, 32 . This study was limited by the characteristics of the ACS-NSQIP database. The ACS-NSQIP only collects the occurrence of adverse events up to thirty days postoperatively, so any events that occurred after this period would not have been captured. However, adverse outcomes due to anesthesia type are likely most evident in the short term, making this time period ideal for this study. In addition, orthopaedic-specific outcomes such as postoperative pain and functional outcomes are unknown. Despite this limitation, we believe that the large patient numbers and high-quality data collection process used by the ACS-NSQIP outweighs the lack of certain variables. Although the data were collected prospectively, patients were not randomized, thus introducing the possibility of bias into the data analysis. We attempted to correct for this by using propensity score-adjusted models. Although we were able to control for factors available in the database, we were unable to control for any demographic, logistical, or patient variables that were not available in the database. An additional limitation was that it is unknown whether spinal anesthesia was initiated outside of the operating room or in the operating room, a practice that differs based on institution. Although this could potentially influence the preoperative room time or the total room time, this would not affect the results of this study for operative time and postoperative room time.
Using prospectively collected data from a large, national cohort of patients who had undergone primary elective total hip arthroplasty, this study found that general anesthesia was associated with a significantly increased rate of adverse events compared with spinal anesthesia. Furthermore, the predicted probability of adverse events was elevated for general anesthesia across all comorbidity ranges. General anesthesia was also shown to be associated with a significant but relatively small increase in time spent in the operating room.
